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CHAPTER I 
INTRODUCTION 
Size is an important characteristic of seed quality because larger seeds with larger 
volume contain more resources and are likely to exhibit greater vigor than smaller seeds 
(Ellis, 1992). In a range of plant species, seed size has been shown to affect germination 
rate, emergence rate, success of establishment, and growth (Black 1957; Bentley et al. 
1980; Sanderson et al. 2002). 
Hairy vetch is an annual legume that is used for improvement of soil for pasture 
and to provide ground cover protecting against erosion (Duke 1981; Undersander 2002; 
Sattell et al 1988). Problems facing the establishment of hairy vetch are that it has a 
relatively short growing season and this means that speed and reliability of germination 
and establishment are likely to have an important influence on crop productivity (Munda 
2004). Commercial supplies of hairy vetch seed are highly variable in size, but little 
research appears to have been undertaken to evaluate the impact of this size variability on 
the success of establishment of hairy vetch. The purpose of this study was to test the 
effects of seed size on germination, imbibition, and dark seedling growth rate in hairy 
vetch. 
Statement of Problem 
Does Seed Size Affect the Rate of Germination and Early Seedling Growth in 
Hairy Vetch? 
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Purpose and Importance of Study 
Hairy vetch is an important plant that is used for the improvement of soil in farms. 
It has a relatively short growing season of approximately two months. Within this short 
period of time, the seed must be able to successfully germinate and become established. 
The significant variation in seed size of Hairy vetch poses the question whether seed size 
has any affect on the outcome of the plant. The various seed sizes will need to be tested 
on germination rate, imbibition (water uptake) rate, dark seedling growth to determine if 
the seed sizes have any affect on the outcome of the plant. A test of germination for each 
seed size category will measure each seed size categories germination rate to determine if 
one size has a higher germination over other sizes. A test of imbibition will measure the 
seed size categories to determine if imbibition rate varies among sizes. A seed that is 
able to imbibe a greater percentage of water therefore could be assumed to be better able 
to receive the water and nutrients needed for the growth of a successful plant. A test of 
dark seedling growth for each seed size will measure the seeds ability to use only the 
resources of the seed for seedling growth. If there is a significant difference between the 
plants derived from the different seed sizes, the seed that produces the best overall plant 
will conclusively be the best to use. The data presented from testing each seed size will 
aid in concluding which seed size will be preferable to use when planting and which seed 
size to avoid. 
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OUTLINE OF THE REMAINDER OF THE THESIS 
I. REVIEW OF LITERATURE 
1. Summary of existing studies supporting the hypothesis 
2. Establishment of possible need for this study and why it is important 
3. General information on Hairy Vetch 
4. Historical background of the problem with growing Hairy Vetch 
II. METHODOLOGY 
1. Explanation of process and what is tested by each experiment 
and step by step procedure for experiments 
a. Seed material 
b. Seed size distribution 
c. Germination trials 
d. Imbibition rate 
e. Dark seedling growth 
III. ANALYSIS OF RESULTS 
1. Results of the various experiments 
2. Evidence for each hypothesis posed 
IV. CONCLUSION 
1. Summary of findings from experimentation 
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2. Conclusions and Discussion 
3. Recommendations 
a. How to implement the findings 
b. Further research that may be beneficial 
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CHAPTER II 
REVIEW OF LITERATURE 
An important characteristic of seed quality is the size because larger seeds are 
believed to contain more resources than smaller seeds due to the larger volume (Black 
1957). It has been shown in Subterranean clover that seed size can affect the success of 
plants in relation to the amount of initial resources in the seed (Black 1957). In a study 
involving Rumex, it was concluded that because smaller seeds begin with less resources 
as compared to larger seeds, it is expected that the plants resulting from smaller seeds 
would not grow as well as the plants of larger seeds (Bentley 1980). In a study of 
Switchgrass seedling development, seed sizes were shown to influence germination rate, 
emergence rate, and growth (Sanderson 2002). 
To achieve successful establishment the growth pattern of seedlings is important. 
A study utilizing growth chambers was conducted to study the relationships between seed 
weight and usage of cotyledonary reserves in common vetch (Vicia sativa L.) (Qui 1994). 
The changes in growth rates of major seedling components will help to determine the 
changes in relative importance of cotyledonary reserves. Seedlings from three seed-
weight groups of Warrior, and Cahaba White were grown in growth chambers at a 
temperature of 28 degrees Celsius for 13 hours in light and 12 degrees C for 11 hours 
under complete darkness. The study found that seedlings of heavier seeds used 
cotyledonary reserves at a faster rate than the seedlings of smaller sized seeds (Qiu 1994). 
Seed size has been associated with early seedling vigor in grasses. A study was 
conducted to compare seedling development over a 60 day period in the field affected by 
heavy seed and light seed of Blackwell and Trailblazer switchgrass (Sanderson 2002). 
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Size reductions equal to 10 to 30% smaller soybean seeds were reported in 1996 (Pepper 
2002). There may be concern or questions over the impact which the smaller seed size 
may have on harvestable yield next fall. The impact that different seed sizes may have on 
many growth and development stages of the soybean plant has been addressed in 
research. A greater supply of stored energy, such as found in large seeds, to support early 
seedling growth might conceivably translate into greater plant height at points in time 
later in the season (Pepper 2002). Data presented indicates a slightly smaller plant size at 
54 days to be associated with planting smaller soybean seed (Pepper 2002). Results 
suggest a similar relationship between seed size and vegetative development as was 
reported. From the data presented it can be speculated that planting the smallest possible 
seed may reduce final plant size by a small amount in soybeans (Pepper 2002). 
The influence of seed size on soybean emergence shows that the higher content of 
cotyledonary reserves provides the advantage that is seen in heavy seeds (Longer 1986). 
Due to the cotyledonary reserves, the heavy seeds are able to provide energy more 
rapidly to the growing seedlings. These seeds produced seedlings with a higher growth 
capacity (Longer 1986). 
A study involving Raphanus raphanistrum found that larger seeds generally 
produce larger plants with more flowers than do small seeds. The conclusion was made 
that seed size is more important than emergence time determining subsequent plant size 
(Stanton 1985). A follow study fully justified previous arguments also concluding that 
the seed size rather than relative growth rate is the determinant of plant size in radish 
(Choe 1988). 
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A study of the effects of seed size on the germination, growth and competitive 
ability of Rumex crispus and Rumex obtusifolius found that self-thinning in their 
experimentation involved the death of a significantly larger number of seedlings derived 
from small seeds than of seedlings from large seeds (Cideciyan 1982). The conclusion 
was made that plants derived from lighter seeds of Rumex would not grow as well as 
plants derived from heavier seeds because light seeds start with initially smaller resources 
(Cideciyan 1982). Large seeds have many advantages over small seeds and usually have 
greater percent germination (Cideciyan 1982). 
Sugarbeet seed size is determined based mainly on diameter of the seed. Seed 
sizes are small, medium, large, and extra large. As with Hairy vetch, sugarbeet early 
seedling emergence is important due to temperate climates where season length is 
limiting. For maximum yields, sugarbeet crops need the longest growing season 
possible. In sugarbeet, early seedling emergence increases the plants competitiveness 
against weeds (Scott 1973). Research was conducted to determine if seed size had any 
affect on germination and seedling emergence. The results of the experiment concluded 
that weights of seeds increased significantly as seed size increased (Scott 1973). Several 
factors have been shown to affect winter wheat seed size including genotype and 
environment. Seed size affects seedling emergence, stand establishment, and grain yield 
of many crops, including wheat (Triticum aestivum L.) (Bockus 1996). Seed size can 
also affect vegetative growth of the wheat plant. The study found that large wheat seed 
increased coleoptile length and shoot dry weight of seedlings; however, small seed size 
was reported to germinate and emerge more rapidly than large seed (Bockus 1996). 
11 
Vicia villosa, commonly named hairy vetch is an annual legume that is used for 
improvement of soil for pasture and to provide ground cover protecting against erosion 
(Kandel 2002). Problems facing the establishment of Hairy vetch are that it has a 
relatively short growing season. Within this time a viable seedling must be germinated to 
become sucessfully established. Hairy vetch seed are commercially available in a range 
of sizes. Past studies lead us to believe that with the range of sizes of Hairy vetch, it will 
also experience variation in growth and imbibition between seed sizes. 
Hairy vetch is used as a cover crop, green manure, pasture, silage, and hay (Kandel 
2002). It is considered a winter annual and has good seedling vigor, defined as the 
capacity for natural growth and survival of plants (Kandel 2002). Seedlings are very 
competitive against weeds once established, offering spring weed suppression (Kandel 
2002). Hairy vetch can enrich the soil with nitrogen through nitrogen fixation 
(Undersander 2002). When hairy vetch is sown in late July or August, the seed 
germinates readily. In spring, the plant produces 3 to 10 long, weak branching stems 3 to 
6 feet long (Undersander 2002). The leaves have 12 to 20 leaflets and end with tendrils. 
Vetches grow well on a wide range of soil types, but are best adapted to loamy and sandy 
soils (Undersander 2002). Because they are legumes, vetches can be grown on nitrogen-
depleted soils without the addition of Nitrogen fertilizer (Undersander 2002). 
Plant growth is influenced by several factors, soil and air temperatures being the 
most important. It takes three weeks for nodules to form on a germinated and growing 
legume seedling (Sattell 1998). Hairy vetch tolerates cold well and if well-established in 
fall, it tolerates frozen soils, remaining dormant until spring. It grows slowly in the mild 
winters. Hairy vetch can be grown in soils with pH ranging from 4.9 to 8.2, but does best 
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with a pH from 6.0 to 7.0 (Sattell 1998). Hairy vetch offers spring weed suppression 
(Sattell 1998). 
Seed size has been shown to be a valid measure of seed vigor (Pepper 2002). It is 
one of the most important characteristics of seed quality of a plant crop. The resources of 
nutrients at the disposal of the embryo give large seeds the advantage over small seeds of 
the same species (Pepper 2002). The increased mass of seeds leads to a higher 
emergence rate, better plant growth and higher yield (Singn 1988). Many of the 
traditional tests for seed vigor ignore differences due to seed size, even though smaller 
seed usually results in reduced seedling growth rate. Seed size is initially controlled by 
the genetics of the parent plant (Pepper 2002). Seeds consist of an embryo, endosperm 
and a protective seed coat. Studies have shown that initial seedling size is positively 
related to seed size. Seed mass is the largest influence on a seedlings reach above and 
below the ground. Seeds with larger mass have more reserves that can be put to use in 
the growth and extension of the root and shoot system. 
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CHAPTER III 
METHODOLOGY 
Seed Material. A random sample of 100 seeds of hairy vetch (Vicia villosa. Roth) was 
collected from a batch of commercially-available seed. Using calipers, the average 
diameter of each of the seeds was estimated from two measures on the long and short axis 
of each seed . Each measured seed was weighed and the combined weight and diameter 
data were used to calculate seed density, assuming spherical seed of the calculated 
average diameter. 
Seed Size Distribution. Based on seed diameter size measures of the same random 
sample of 100 seeds of Hairy vetch, the distribution of seed size of vetch was estimated. 
For subsequent investigations seeds were divided into categories of small (<2.7mm), 1st 
intermediate (2.7-3.1mm), medium (3.2-3.4mm), 2nd intermediate (3.5-3.9mm), and large 
(>4.0mm). The average diameter and weight was found to be 3.34 mm and 27.43 mg 
respectively. The average diameter and weight were determined at 3.34mm ± 0.322 
standard deviation (s.d.) for diameter and 27.43 mg ± 7.87 s.d. for weight were 
determined. 
Germination Trials. Vetch seeds were separated into small, medium and large sizes as 
defined above and four batches of 25 seeds of each size were placed on filter paper 
circles in each of 12 petri dishes for measurement of germination. 6 ml of water was 
added to each petri dish prior to incubation at a constant 20 degrees Celsius for 12 days 
resulting in an accumulated temperature above 0 °C of 240 day degrees. Day degrees is a 
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measure of average temperature of each day multiplied by the number of days. Each day 
seeds were observed for signs of germination. The number of seeds in each petri dish 
with more than 2 mm of root growth were recorded in the data table and discarded. At 
approximately 2 day intervals, 2 ml of water was added to each petri dish. 
The experiment was repeated using 5 different sizes of seed, small, 1 sl Intermediate, 
medium, 2nd Intermediate and large. 
Materials: 12 Pyrex Petri Dishes, 12 #3 Filter Paper circles 90 mm in diameter, China 
Marker, 100 small size Hairy Vetch seeds (less than 2.7 mm), 100 medium size Hairy 
Vetch seeds (3.2 mm to 3.4 mm), 100 large size Hairy Vetch seeds (greater than 4.0 mm), 
Pipette, Distilled water (approximately 264 ml), Incubator, and Caliper. 
Methods: 
1. Using calipers to determine seed diameter, the Vetch seeds were separated into 
three sizes, small (less than 2.7 mm), medium (3.2 to 3.4 mm), and large (greater 
than 4.0 mm). 
2. #3 Filter paper circles were added to each of 12 petri dishes. 
3. 25 small sized Hairy Vetch seeds were placed in each of petri dish for a total of 4 
petri dishes. 
4. Using a pipette, 6 ml of water was added to each petri dish. 
5. The petri dish lids were replaced and labeled with a china marker with an 'S' for 
the small seed size followed by each of the Roman Numerals I-IV differentiating 
each petri dish. 
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6. Steps 3 through 5 were repeated for the medium and large sized Hairy Vetch 
seeds and labeled with 'M' for medium and 'L' for large instead of'S'. 
7. The 12 petri dishes were then incubated at 20 degrees Celsius for 12 days 
resulting in an accumulated 240 degrees Celsius of incubation. 
8. Each day each petri dish was observed for signs of germination. The number of 
seeds in each petri dish with more than 2 mm of root growth were recorded in the 
data table and discarded. 
9. Approximately every 2 days 2 ml of water was added to each petri dish using a 
pipette. 
Repeated Experimentation: 
Materials: 20 Pyrex Petri Dishes, 20 #3 Filter Paper circles 90 mm in diameter, China 
Marker, 100 small size Hairy Vetch seeds (less than 2.7 mm), 100 1st Intermediate Hairy 
Vetch seeds (2.8 mm to 3.1 mm), 100 medium size Hairy Vetch seeds (3.2 mm to 3.4 
mm), 100 2nd Intermediate size Hairy Vetch seeds (3.6 mm to 3.9 mm), 100 large size 
Hairy Vetch seeds (greater than 4.0 mm), Pipette, Distilled water (approximately 120 ml), 
Incubator, and Caliper 
Methods: 
Experimental procedures followed those described for Germination Experiment 
#1 with the addition of the two seed sizes, 1st Intermediate and 2nd Intermediate. 
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Imbibition Rate. Imbibition rates of the different sizes of seed were measured in three 
experiments. Initially, imbibition was measured over time intervals of 15, 30, 60, 120, 
180, 240, 300, and 360 minutes, and in a second phase for intervals of 15, 60, 120, 180, 
300, 420, 540, and 1080 minutes. For each experiment and for each time interval 25 
seeds of small, medium and large hairy vetch were weighed recorded, and then placed on 
filter paper circles in petri dishes. Using a pipette, 10 ml of distilled water was added to 
each of the 15 petri dishes. At the end of the indicated time intervals from the initial 
addition of water, the seeds were removed, patted dry with paper towels, weighed, and 
recorded. The seeds were then placed in small foil containers that were labeled 
indicating the seed size and the imbibition time interval. The containers were placed in 
the oven to dry for approximately 24 hours at 60° C . The seeds were then weighed again 
the following day and recorded. 
Materials: 15 Pyrex Petri Dishes, 15 #3 Filter Paper circles 90 mm in diameter, China 
Marker, 125 small size Hairy Vetch seeds (less than 2.7 mm), 125 medium size Hairy 
Vetch seeds (3.2 mm to 3.4 mm), 125 large size Hairy Vetch seeds (greater than 4.0 mm), 
Pipette, Distilled water (approximately 150 ml), Caliper, Scale, Paper Towels, Oven 
Methods: 
1. Using calipers to determine seed diameter, the Vetch seeds were separated into 
three sizes, small (less than 2.7 mm), medium (3.2 to 3.4 mm), and large (greater 
than 4.0 mm). 
2. #3 Filter paper circles were added to each of 15 petri dishes. 
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3. 25 small sized Hairy Vetch seeds were weighed (in grams), recorded, and then 
placed in each petri dish for a total of 5 petri dishes. 
4. The petri dish lids were replaced and labeled with a china marker with an 'S' for 
the small seed size followed by one of the numbers 15, 30 60, 120, and 180 
indicating the time interval in minutes of imbibition. 
5. Steps 3 and 4 were repeated for the medium and large sized Hairy Vetch seeds 
and labeled with 'M' and 'L' for Medium and Large instead of'S' as performed 
previously. 
6. Using a pipette, 10 ml of distilled water was added to each of the 15 petri dishes. 
7. At the end of the indicated time intervals from the initial addition of water, the 
seeds were removed, patted dry with paper towels, weighed, and recorded. 
8. The seeds were then placed in small foil containers that were labeled indicating 
the seed size and the amount of time imbibition was allowed. The containers 
were placed in the oven to dry for approximately 24 hours at 60° C. The seeds 
were then weighed again the next day and recorded. 
Repeated Experimentation: 
Materials: As previously stated 
Methods: 
Experimental procedures followed those described for Imbibition Experiment #1 
with a change in Step #4 using the time intervals of 15, 30, 60, 120, 180, 240, 300, and 
360 minutes of imbibition. 
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Repeated Experimentation: 
Materials: As stated previously 
Methods: 
Experimental procedures followed those described for Imbibition Experiment #1 
with a change in Step #4 using the time intervals of 15, 60, 120, 180, 300, 420, 540, and 
1080 minutes of imbibition. 
Dark Seedling Growth. Pregerminated Vetch seeds with 3 mm to 5 mm of root growth 
were obtained from small, medium, and large size categories. Five seeds of each size 
were placed in a seed pouch at equal distances apart and 20ml of water was added to each 
pouch and then they were incubated in the dark at a constant 20 °C. An additional 10 ml 
of water was added to replenish the moisture in each pouch approximately every 4 days. 
Four harvests were made after 4,6,8 or 11 days incubation (80, 100, 120 or 180 degree 
days) At harvest, each seedling was dissected into four components, root, shoot, seed, and 
seed coat. Each component was aggregated over 5 seedlings and placed into separate 
envelopes and oven-dried at 65 °C for 48 hours and then weighed for DM estimation. 
Materials: 20 pregerminated (3mm to 5mm of root growth) small (<2.7mm) seeds, 20 
pregerminated (3mm to 5mm of root growth) medium (3.2mm to 3.4mm) seeds, and 20 
pregerminated (3mm to 5mm of root growth) large (>4.0mm) seeds, Columbian No. 1 
COIN 5.7 * 8.9 cm (2 lA * 3 'A ) envelope, incubator. 
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Methods: 
1. 20 small size seeds with 3mm to 5mm of root growth were obtained from a 
previous germination experiment. 
2. The four pouches were labeled with an 'S' for the small seed size followed by 
one of the roman numerals I, II, III, and IV indicating Harvest number. 
3. 5 small seeds were placed into each of 4 seed pouches and 20mL of water added 
to each seed pouch. 
4. Steps 1 through 3 were repeated for each of the two seed sizes, medium and large 
and labeled 'M' and 'L' respectively. 
5. The pouches were incubated in the dark at a constant 20 °C. 
6. An additional 10 ml of water was added to replenish the moisture in each pouch 
approximately every 4 days. 
7. Harvest #1 was performed after 4 days incubation (80 degree days) for SI, MI, 
and LI. 
8. At Harvest, each seedling was dissected into four components, root, shoot, seed, 
and seed coat. Each of the 5 roots were placed into a labeled envelope and oven-
dried at 65 °C for 48 hours, and then weighed for dry matter estimation. This was 
repeated using separate envelopes for the combined shoots, seeds, and seed coats 
and for each of the SI, MI, and LI. 
9. Steps 7 and 8 were repeated for Harvest 2-4 after 6,8, and 1 ldays of incubation 
(100, 120, and 180 degree days respectively). 
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CHAPTER IV 
PRESENTATION OF FINDINGS 
Seed Size Distribution. 
Fig. 1 
• • 
ii  Win VMfll M l l>-
•  •  • • 
! \KOf. 
Fig. 1 shows the variation in seed size of 
the small, medium, and large seed size 
categories. 
F i g .  2  
Fig. 2 shows the range of vetch seed 
diameter distribution and the divisions 
of the small, Tl intermediate, medium, 
2" intermediate, and large seed 
categories 
Vetch Seed Diameter Distribution 
s Is' Int M 2,,d Int L 
Range of seed diameter (mm) 
F " g -  3  Hairy vetch Seed Density and Diameter 
3 3.5 4 
Diameter (mm) 
Fig. 3 indicates the seed 
! density range is approximately 
from 0.1 to 0.2 mg/mmA3 for all 
' seed diameters with few seeds 
having densities outside of this 
range. 
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Imbibition Rate. Seed size had a significant effect on imbibition rate. Fig. 4 indicates 
that at approximately 500 minutes the small seeds have imbibed the maximum amount 
possible. At this time, the small size seed has reached 60% water uptake. Both the 
medium and large seeds have reached 50% and 48% water uptake, respectively. Small 
seeds were able to imbibe a greater percentage of water at a higher rate than either the 
medium and large sizes. This trend continued until the interval of 500 minutes. 
EFFECT OF TIME OF IMBIBITION ON MOISTURE OF 
Fig. 4 VETCH SEEDS Test 2 & 3 
Time Interval (Min) 
500 
-•— Small 2 
-A— Large 2 
~¥r~ Small 1 
— Medium 1 
-•— Large 1 
-m— Medium 2 
Germination Trials. At an accumulated temperature of approximately 40 °C, the seeds 
begin to germinate as indicated by Fig. 5. At an accumulated temperature of about 100 
°C, the percentage of seeds germinated does not increase. The large seeds have a slightly 
higher percentage of seeds germinated than the medium size seeds. The small seeds have 
a significantly lower percentage of seeds germinated. Beginning at an accumulated 
temperature about 120 °C the average percentage of seeds germinated does not 
significantly increase. The large size seed has the highest percentage of seeds 
germinated. The medium and 2nd intermediate seed (size between the medium and large 
22 
seed) have approximately the same percentage of seeds germinated, followed by the 1st 
intermediate seed (size between the small and large seed). The small size seed has a 
significantly lower percentage of seeds germinated than either of the other seed sizes. 
p .  g  C o m b i n e d  G e r m i n a t i o n  E x p e r i m e n t s  P e r c e n t a g e  
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Dark Seedling Growth. Fig. 6 indicates that 
the large seed produced a significantly larger 
dried root weight than the medium, followed 
by the small sized seeds. As growth days 
increased, the dried weight of each of the 
small, medium, and large root increased. 
F i g .  ^  Dark Seedling Growth: Average Root Weight 
4  
1 0  1 5  
Days of Growth 
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As germination days increased, the dried shoot weight of the small, medium, and 
large sized seeds increased as indicated in Fig. 7. The large seed had a significantly 
larger dried shoot weight than the medium, followed by the small sized seeds. Fig. 8 
indicates that as growth days increased, the dried seed weights decreased. The large 
sized seed had a significantly larger dried seed weight than the medium sized seed, 
followed by the small sized seed. 
Fig. 7 Dark Se 
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Fig. 9. Seedling weight followed a close linear relation with seed weight. As the seed 
depleted, the seedling increased in size. Small seeds produced small seedlings, whereas 
large seeds resulted in large seedlings. Mean weight of seed coat was significantly 
increased by seed size, but this was primarily an effect of variation in seed surface area. 
Specific seed coat weight was not significantly different between large and medium size 
categories, with a mean value of 0.130 mg.mm" . Specific seed coat weight in small 
seeds was 0.143 mg.mm" , or 9.5% greater than the medium and large sized seeds. The 
slightly increased weight per square millimeter of the small seed suggests that smaller 
seeds have somewhat thicker seed coats than the medium and large sized seeds. 
F i g .  9  D a r k  S e e d l i n g  G r o w t h :  C o n v e r s i o n  o f  S e e d  t o  S e e d l i n g  
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CHAPTER V 
SUMMARY AND CONCLUSION 
Germination Trials. In each of the germination trials, large seeds were repeatedly 
observed to have a higher germination rate than the medium and small sizes. The 
increased germination rate could be related to the larger amount of reserves available in 
the large seed than in the medium or small seeds. 
Imbibition Rate The variation in time of water uptake for each seed size could be due to 
the larger volume within the seed of the medium and large size seeds. The small seeds 
have a significantly smaller volume than the medium and large seeds, therefore at a given 
percentage moisture content the amount of water imbibed will be less with smaller seeds. 
Small, medium and large seeds all achieved 80% of their maximum water uptake 
capacity with nine hours of imbibition, and this suggests that low germination rates in 
small seeds are unlikely to arise from limited moisture uptake. The variation in time of 
actual water uptake for each seed size could be due to the larger volume within the seed 
of the medium and large size seeds. The small size seeds have a significantly smaller 
volume than the medium and large seeds. During the same time intervals of imbibition, 
the small size seed will only be able to imbibe until the volume has been filled. Small 
seeds will therefore imbibe quicker than both the medium and large sized seed. 
Conclusively, reduced germination is not likely to be a result of limited water uptake by 
small seeds. 
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Dark Seedling Growth. The germination and growth of seeds in the absence of light 
caused the plants to rely solely on the resources and nourishment of the seed. Therefore, 
growth of the seedling was a direct result of the seedling resources. Dissected seedling 
components of large seed were consistently heavier than the medium sized seed, which 
were in turn heavier than those of the small seed. This observation results in the 
conclusion that the increased amount of resources in the large seed produced the heavier 
seedling components. Loss in seed weight proved to have a direct correlation to the 
increase in the combined root and shoot weight of seedlings. This result was due to fact 
that the resource of the seed is the only energy that significantly contributed to seedling 
growth and development. Seed coat weights remained unchanged through harvest 1-4 
because of their lack of significant involvement in water uptake or germination. 
The proportion of seed reserve converted to seedling DM was similar for all seed 
sizes, at an average of 55.4% of seed weight. The increased amount of resources in the 
large seed therefore produced the greatest seedling DM. The increased seedling growth 
rate and possibility of tolerance of longer duration of dark growth provides large seeds 
with a potential advantage in establishment in growing conditions that lead to delayed 
emergence, such as deep seeding, compared with medium and small-sized seeds. 
The study concludes that there is a slight difference between the large and 
medium size seeds. There is a significant difference between the medium and small size 
seeds. The large and medium size seeds grew well overall in each of the determining 
tests. Both the large and medium seed imbibed well, germinated well, and grew well in 
the dark. The small seeds did not perform well in each of the determining tests. The 
small seeds were able to imbibe a greater percentage of water at a higher rate than either 
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medium or large seeds. So, although small seeds imbibed more rapidly and to a greater 
percentage of seed weight they had a lower germination rate, and smaller dark seedling 
growth. 
It is recommended to use only medium and large size hairy vetch seeds for 
growing, because they do result in higher germination rate, and larger size plants 
resulting from dark seedling growth. The use of only medium and large size hairy vetch 
seeds will increase the speed and reliability of hairy vetch establishment. Commercial 
supplies of hairy vetch are highly variable in size. The small seeds should be removed 
and not used for planting. 
Further research that may be beneficial would include determining the genetic 
code of each of the varied seed sizes of Hairy vetch. Variations between coding of the 
various seed sizes could suggest that the resulting seed and seedling size could possibly 
be genetically determined. 
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